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ࡀࠊᅗ 1.5ࡼ࠺࡞ VᏐᆺࡢᅗᘧ࡛ㄝ᫂ࡍࡿ࡜ࠊࡇࢀࢆ⌮ゎࡋࡸࡍ࠸[18]-[22]ࠋ 
 
ᅗ 1.5 MBDࡀ᥎ዡࡍࡿ VᏐᆺ㛤Ⓨᡭἲ 
 


























 ḟ࡟ࠊV Ꮠࡢᗏ㎶࡟࡚ࠊᐇ㝿ࡢ⿦⨨࡟⤌ࡳ㎸ࡴࢯࣇࢺ࢙࢘࢔࡬ኚ᥮ࡍࡿࠋ ࡇࡇ࡛ࡣࠊ
ACG(Auto Code Generator)࡜࿧ࡤࢀࡿࢯࣇࢺ࢙࢘࢔࡟ࡼࡾ Simulinkୖࡢࣈࣟࢵࢡ⥺ᅗࢆ
⮬ືⓗ࡟ࠊᐇ㝿࡟〇ရ࡜ࡋ࡚౑⏝ྍ⬟࡞ࣞ࣋ࣝࡢຠ⋡࡜ಙ㢗ᛶࢆᣢࡘ C ゝㄒࣉࣟࢢ࣒ࣛ࡟
ኚ᥮ࡋࠊ〇ရ࡜ࡋ࡚ࡢࢥࣥࢺ࣮ࣟࣛ࡟ᐇ⿦ࡍࡿࠋ 




































d ,XX    (2-1) 














































⥺ᙧࡢᖖᚤศ᪉⛬ᘧࢆ࣋ࢡࢺࣝ X࡜⾜ิ Aࢆ⏝࠸࡚⾲ࡍ࡜ࠊ 
   tAXtX
dt




   tYtY
dt





   tyty
dt





























d ,  (2-7) 
࡜⾲ࡉࢀࡿᖖᚤศ᪉⛬ᘧ࡟࠾࠸࡚ࠊィ⟬ࢫࢸࢵࣉࢆ h࡜ࡍࡿ࡜ࠊ 
n>0ࡢᩚᩘ n࡟ࡼࡾࠊtn=nh࡛࠶ࢀࡤࠊ 
 nn txx   (2-8) 
࡜㞳ᩓ໬ኚᩘ xnࡀ୚࠼ࡽࢀࡓ࡞ࡽࠊ 
 nnnn txhfxx ,1     (2-9)  
࡜ィ⟬ࡍࡿࡶࡢࡀࠊ๓㐍 Eulerἲ࡛࠶ࡿࠋ 
 









  nnnn xhxhxx OO    11  (2-10) 
࡛࠶ࡿࠋᚑࡗ࡚ࠊ 
  11 d Oh  (2-11) 
࡛࠶ࢀࡤࠊᘧ(2-6)ࢆ‶ࡓࡍ஦࡟࡞ࡿࠋ 
 











d ,  (2-12) 
࡞ࡿ㛵ಀࢆ⏝࠸࡚࠸ࡿࡀࠊ 
ࡇࢀࢆ 
 11,  nn txfxdt





 111 ,   nnnn txhfxx  (2-14) 










































ᅗ 2.2 ࢆぢࡿ࡜ࠊ๓㐍 Euler ἲࠊᚋ㏥ Euler ἲ࡜ࡶ࡟ィ⟬ㄗᕪࡀⓎ⏕ࡍࡿࡀࠊ୧⪅ࢆᖹ
ᆒ໬ࡍࡿ࡜ࠊㄗᕪࡀᑡ࡞ࡃ࡞ࡿࡇ࡜ࡀ┤ឤⓗ࡟᥎ ࡛ࡁࡿࠋࡇࢀࡀྎᙧ✚ศἲ࡛࠶ࡿࠋ 
⌮ㄽⓗ࡟ࡣࠊ๓㐍 Euler ἲ࡜ᚋ㏥ Euler ἲࡣࠊࡑࢀࡒࢀᘧ(2-17)ࡢ xn+1ࡢ xn࡛ࡢ Tyler
ᒎ㛤ࠊ࠾ࡼࡧᘧ(2-18)ࡢ xnࡢ xn+1࡛ࡢ Tylerᒎ㛤ࢆࠊhࡢ 1ḟࡢ㡯࡛ᡴࡕษࡗࡓࡶࡢ࡛࠶ࡿ
࠿ࡽࠊh2௨㝆ࡢ㡯ࡀㄗᕪ࡜ࡋ࡚ṧࡿࠋ 
 










dhtxhtxtxx         (2-17) 










dhtxhtxtxx   (2-18) 
 

















 ࡇࡇ࡛ࠊᘧ(2-19)ࡼࡾ h3௨ୖࡢ㡯ࢆᡴࡕษࡾࠊ 




d ,   (2-21) 
ࢆ㐺⏝ࡋ࡚ᚓࡽࢀࡿᘧ(2-22)ࡣྎᙧ✚ศἲ࡜ゝࢃࢀࠊ2ḟ࡛㐺ྜࡋࡓゎἲ࡛࠶ࡿࠋ 




















ࢆྵࡴᛶ㉁ࢆ AᏳᐃ㸦A-Stable㸧࡜࿧ࢇ࡛࠸ࡿ[25]ࠋᚋ㏥ Eulerἲࡣ AᏳᐃ࡛࠶ࡿࡀࠊ๓
㐍 Eulerἲࡣ AᏳᐃ࡛ࡣ࡞࠸ࠋ 
A Ᏻᐃ࡛࠶ࢀࡤࠊᏳᐃ࡞㐃⥆⣔ࡢ᪉⛬ᘧࡣࠊ࠸࠿࡞ࡿ h ࡟࠾࠸࡚ࡶᏳᐃ࡟ィ⟬࡛ࡁࡿࡓ
ࡵࠊࡇࢀࡣᴟࡵ࡚㔜せ࡞ᛶ㉁࡛࠶ࡿࠋ 
 





































ࡍ࡞ࢃࡕࠊ௵ពࡢಀᩘ a,b ࢆᣢࡘ   ),,( ahttxbhfxf  ࡜࠸࠺ᘧࢆᑟධࡋࠊࡇࢀ࡟ 2 ኚ
ᩘࡢ Tylerᒎ㛤ࢆ 1ḟࡲ࡛⾜࠺ࠋ 






w|       (2-25) 
 
୍᪉ x(t)࡟ᑐࡍࡿ 2㝵ࡢᑟ㛵ᩘࡣ   ),( txftx
dt







































ᘧ(2-27)ࡢ㏆ఝ⢭ᗘࡣ hࡢ 1ḟ࡛࠶ࡿࡀࠊࡉࡽ࡟ hࡀ஌ࡌ࡚౑⏝ࡉࢀࡿࡓࡵ࡟᭱ࠊ ⤊ⓗ࡟
ࡣ hࡢ 2ḟࡢ⢭ᗘࡀᚓࡽࢀࡿࠋ௨ୖࡣᨵⰋ Eulerἲࠊ㝧ⓗྎᙧἲࠊ࠶ࡿ࠸ࡣ Heunἲ࡜࿧
ࡤࢀࡿィ⟬ᡭἲ࡛࠶ࡿࠋ 
ࡲࡓୖࠊ グ a,b࡟ࡣࠊ௚࡟ࡶゎࡀ࠶ࡾࠊಟṇ Euler࡜ࡋ࡚▱ࡽࢀࡿ㝧ⓗ୰Ⅼἲ࡞࡝ࡀ࠶ࡿ
[26]㸦ࡓࡔࡋࠊ㝧ⓗྎᙧἲࢆಟṇ Euler ἲ࡜࿧ࡪ౛[27]ࡶ࠶ࡿࡢ࡛ࠊΰ஘ࢆ㑊ࡅࡿ࠺࠼࡛ࠊ
୰Ⅼἲࠊ㝧ⓗྎᙧἲ࡜࿧ࡪ᪉ࡀ↓㞴࡛࠶ࡿ㸧ࠋ 
       





















࡞࠾ࠊࡇࡇ࡟⾲ࢀࡿಀᩘ a,b,cࡣ Butcher Table࡜ࡋ࡚▱ࡽࢀࡿࠊ௨ୗࡢグἲ࡟ࡼࡾ⾲⌧ࡉ
ࢀࡿࡇ࡜ࡀከ࠸ࠋ 





a11  a12  ͐ a1s 
a21 a22 ͐ a2s 
㸸      㸸 
as1 as2 ͐ ass 
 b1  b2  ͐ bs 
 
㏻ᖖࡣ Runge-Kutta ἲ࡜࠸࠺࿧⛠ࡣࠊィ⟬㈇Ⲵ࡟ᑐࡋ࡚ィ⟬⢭ᗘࡀ᭱ࡶඃࢀࡿ௨ୗࡢ
Butcher Table࡛⾲ࡉࢀࡿ 4ḟࡢබᘧࢆព࿡ࡋࠊᗈ⩏ࡢ Runge-Kuttaἲ࡜༊ูࡍࡿᚲせࡀ
࠶ࡿሙྜࡣࠊࡇࢀࢆྂ඾ⓗ Runge-Kuttaἲ࡜࿧ࡪࠋ 
 





0    0  0   0 
1/2  0   0    0 
0  1/2  0    0 
0    0   1    0 
















































pOOO    (2-31) 




























 ¦¦  ,
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   kk tctctcctx  2210  (2-33) 
࡛࠶ࡿࠋ 
ࡇࡢከ㡯ᘧࡼࡾከẁ㝵ἲࡢᘧࢆ‶㊊ࡍࡿࡼ࠺࡟ಀᩘࢆỴᐃࡍࡿࠋࡍ࡞ࢃࡕ᫬㛫㍈ࡢཎⅬࢆ
tn࡜ࡍࡿ࡞ࡽࡤࠊ iht in    ࡛࠶ࡿ࠿ࡽࠊp<=k࡛࠶ࡿ p࡟ᑐࡋࠊ 
       ¦
 









210   (2-34) 
ࡲࡓࠊ  txfx ,  ࡼࡾࠊ 
         ¦
 










3211 32,  
kpni ,,3,2,,..1,0,1                                  (2-35) 
࡛࠶ࡾࠊ 
      ¦
 









2101                (2-36) 
࡛࠶ࡿ࠿ࡽࠊᘧ(2-34)ࠊᘧ(2-35)ࠊᘧ(2-36)ࢆࠊᘧ(2-32)࡟௦ධࡍࡿ࡜ࠊ 
 > @  > @¦¦¦¦¦
  






























ia    (2-38) 


































 ¦¦  ,1
10
1       (2-40) 
࡛୚࠼ࡽࢀࡿ⥺ᙧከẁ㝵ἲ࡟ࢸࢫࢺ᪉⛬ᘧࢆ㐺⏝ࡍࡿ࡜ࠊ 
    01
0









n zczczcx 112211         (2-42) 
࡛୚࠼ࡽࢀࡿࠋࡓࡔࡋࠊ 
^ `121 ,,, kzzz                         (2-43) 
ࡣḟࡢ≉ᛶከ㡯ᘧࡢ k+1ಶࡢ᰿࡛࠶ࡿࠋ 
    01
0
1









































































⾲ 2-3 Adams-Bashforthἲࡢಀᩘ 
ḟᩘ k b0 b1 b2 b3 b4 
1 1 1     
2 2 3/2 -1/2    
3 3 23/12 -16/12 5/12   
4 4 55/24 -59/24 37/24 -9/24  
















































1,1 543210       JJJJJJ  (2-49) 
࡜࡞ࡿࠋk=1~3ࢆᅗ 2.6࡟ k=4~5ࢆᅗ 2.7࡟♧ࡍࠋ 
 




ᅗ 2.7 Adams-BasforthἲࡢᏳᐃ㡿ᇦ㸦4㸪5ḟ㸧 
 
2.4.5. Adams-Moultonἲ






⾲ 2-4 Adams-Moultonἲࡢಀᩘ 
ḟᩘ k b-1 b0 b1 b2 b3 
1 1 1     
2 1 1/2 1/2    
3 2 5/12 8/12 -1/12   
4 3 9/24 19/24 -5/24 1/24  
























































































  ¦ ,111
0
1  (2-52) 





⾲ 2-5 ᚋ㏥ᚤศබᘧ㸦BDF/Gearἲ㸧ࡢಀᩘ 
ḟᩘ k b-1 a0 a1 a2 a3 a3 
1 1 1 1     
2 2 2/3 4/3 -1/3    
3 3 6/11 18/11 -9/11 2/11    
4 4 12/25 48/25 -36/25  16/25 -3/25    
































11 TO  (2-54) 
 
k=1~ 6ࡲ࡛ࢆᅗ 2.9࡟ࣉࣟࢵࢺࡍࡿࠋ 
 
















































 ࢹࢪࢱࣝࢥࣥࣆ࣮ࣗࢱ࡟ࡼࡿᅇ㊰ゎᯒࡢᄏ▮ࡣࠊ≧ែኚᩘἲࢆ⏝࠸ࡓ TAP㸦1962ᖺ IBM㸧
࠶ࡓࡾ࡜⪃࠼ࡽࢀࡿࠋࡉࡽ࡟ྠࡌ≧ែኚᩘἲࡢ CIRCUS㸦1965 ᖺ BOING㸧ࡀ⥆ࡁࠊ
ASATAP(1973ᖺ IBM)࡛ࡣࢱࣈ࣮ࣟἲࡀヨࡳࡽࢀ࡚࠸ࡿࠋ⠇Ⅼゎᯒἲࡣ๓㏙ࡢECAP(1965
ᖺ IBM)ࠊᚋ࡟ SPICE࡟ᨵྡࡉࢀࡿ CANCER㸦1971ᖺUCB㸧࡜⥆ࡁࠊಟṇ⠇Ⅼゎᯒἲࢆ
᥇⏝ࡋࡓ SPICE2㸦1975ᖺ UCB㸧࡬࡜⥆ࡃ[34][35]ࠋSPICE2ࡣࢯ࣮ࢫࢥ࣮ࢻࢆබ㛤ࡋࡓ
ࡓࡵࠊ1980ᖺ௦࡟ࡣࡇࢀࢆඖ࡟ࡋࡓከࡃࡢPC⏝ࡢၟ⏝ᅇ㊰ࢩ࣑࣮ࣗࣞࢱࡀ㍮ฟࡋ࡚࠸ࡿࠋ
࡞࠾ࠊ᪥ᮏ࡛ⴭྡ࡛࠶ࡗࡓၟ⏝ᅇ㊰ࢩ࣑࣮ࣗࣞࢱࡢ OrCAD ࡶ SPICE ⣔ࡢ୍ࡘ࡛࠶ࡾ
OrCAD♫ࡢタ❧ࡣ 1985ᖺ࡛࠶ࡿࠋ 
࡞࠾ EMTP ⣔࡛ࡣ EMTP ࡢᬑཬ࡜࣮ࣘࢨ࣮ࢧ࣏࣮ࢺࡢࡓࡵ࡟ࠊEMTP Development 
35 
 









Ϩ.࢟ࣝࣄ࣍ࢵࣇࡢ㟁ὶἲ๎㸦Kirchoff ’s Current Raw: KCL㸧 
௵ពࡢ⠇Ⅼ࡟࠾࠸࡚ࠊὶࢀ㎸ࡴྥࡁࢆṇ㸦ཪࡣ㈇㸧࡜⤫୍ࡍࡿ࡜ࡁࠊὶࢀ㎸ 
ࡴ㟁ὶࡢ⥲࿴ࡣ 0࡜࡞ࡿࠋ 
ϩ.࢟ࣝࣄ࣍ࢵࣇࡢ㟁ᅽ๎ 㸦Kirchoff ’s Voltage Raw: KVL㸧 
௵ពࡢ㛢㊰࡟࠾࠸࡚ࠊ㟁ᅽࡢྥࡁࢆ୍᪉ྥ࡟ྲྀࡗࡓ࡜ࡁࠊ㛢㊰࡟ἢࡗࡓྛ⣲ 
Ꮚࡢ㟁ᅽ Vi ࡢ⥲࿴ࡣ 0࡜࡞ࡿࠋ 
Ϫ.ᯞᵓᡂᘧ㸦Branch Consisitute Equation:BCE㸧 
ᯞ㟁ᅽ࡜ᯞ㟁ὶࡢ㛵ಀࢆ⾲ࡍᘧ 
   ౛㸸Vb㸻RbIb 
       bb ivdt


























ᅗ 3.1 ࢧࣥࣉࣝ RLCᅇ㊰ࡢᅇ㊰ᅗ 
 
࡞࠾ࠊᮏᅇ㊰࡟࠾࠸࡚ࠊ௨ୗࡢࣃ࣓࣮ࣛࢱࢆ౑⏝ࡋࠊV1 ࢆ 0~10V ࡟ࢫࢸࢵࣉ≧࡟ኚ໬
ࡉࡏࡓ࡜ࡁࡢ࢟ࣕࣃࢩࢱ㟁ᅽࡣᅗ 3.2ࡢᛂ⟅࡜࡞ࡿࠋᮏ᮶ࠊࡍ࡭࡚ࡢᐃᘧ໬ᡭἲ࡛ྠᵝࡢ⤖











ᅗ 3.2 ࢧࣥࣉࣝ RLCᅇ㊰ࡢࢫࢸࢵࣉᛂ⟅ 
 
















ࡣ 4 ᮏ࡛࠶ࡿࡀࠊ⠇Ⅼゎᯒ࡛ࡣᅗ 3.3 ࡢ 3 ಶࡢ⠇Ⅼࡍ࡞ࢃࡕࠊձࠊղ࠾ࡼࡧճ࡟ࡘ࠸࡚ࠊ
KCLࢆ㐺⏝ࡋࠊ⠇Ⅼ㟁ᅽࢆᮍ▱ᩘ࡜ࡋࡓ᪉⛬ᘧࢆᵓ⠏ࡍࡿࠋ 
 
ྛᯞ࡟ὶࢀࡿ㟁ὶࢆ    ࠾ࡼࡧᐃ㟁ὶ※ࡢ㟁ὶࢆ  ࡜ࡍࡿ࡜ࠊ 
⠇Ⅼձ㸸 0  ba ii     (3-1) 
⠇Ⅼղ㸸 0  Scb Iii    (3-2) 
⠇Ⅼճ㸸 0  ca ii   (3-3) 
 









































































cba iii ,, SI
130 vviR a  
211 vviR b  
232 vviR c  








    SIvvRvvR   232211
11




















ࡍ࡞ࢃࡕࠊ⾜ิࡢᑐゅせ⣲࡛࠶ࡿ aiiࡣࠊ⠇ i ࡟᥋⥆ࡉࢀ࡚࠸ࡿᯞࡢࢥࣥࢲࢡࢱࣥࢫせ⣲








ࡀ⠇Ⅼ i࡜⠇Ⅼ jࡢ㛫࡟᥋⥆ࡉࢀࡓሙྜࡣࠊ 
 
 











㼕䚷⾜ * * 
㼖䚷⾜ * * 
㼕䚷ิ 㼖䚷ิ ᐃᩘ䝧䜽䝖䝹
㼕䚷⾜ 0 0 Is

















































































ࡇࡇ࡛ࠊ㞳ᩓ໬ࡉࢀࡓᯞ㟁ᅽࢆ vnࠊྠࡌࡃᯞ㟁ὶࢆ in࡜ࡋࠊᚋ㏥ Euler ἲ࡛ᘧ(3-13)ࢆ
ィ⟬ࡍࡿ࡜ࠊ 
 
        (3-16) 
11   nn ivdt
dC
       (3-17) 
ࡼࡾࠊ 
 
        (3-18) 
 








11   nnn vdt
dhvv











   (3-20)         (3-21) 
࡜⨨ࡃ࡜ࠊ 
 
           (3-22) 
࡜⌮ゎࡍࡿ஦ࡀ࡛ࡁࠊࡇࢀࡣᅇ㊰ᅗ࡛♧ࡍ࡜ࠊᅗ 3.4࡛࠶ࡿࠋ 
 








               (3-23) 
ࡼࡾࠊ 
 
              (3-24) 
 
                                (3-25) 
࡛࠶ࡾࠊ 






㼕䚷⾜ GeqC -GeqC -IeqC









































ཧ⪃ࡲ࡛࡟ࠊࡉࡽ࡟ BDF/Gearἲࡢ 2ḟࡢሙྜࢆグࡍ࡜ࠊ 
   





              (3-27) 
 




                      (3-29) 
 










































































                      (3-36) 
 













㼕䚷⾜ GeqL -GeqL -IeqL
㼖䚷⾜ -GeqL GeqL IeqL






















     (3-39)                 (3-40) 
 




     (3-42)                 (3-43) 
 













































CGeqC C  2212




hGeqL L  21212
      112)( 22  nInvnvh
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 iࠊjࡢせ⣲ࡣࠊᘧ(3-45)ࡢ Y⾜ิࢆᵓᡂࡋࠊrิࠊr⾜ࡢせ⣲ࡀࠊBࠊCࠊD⾜ิ࡜࡞ࡿࠋ 





ࡇࢀᑐࡋࠊSPICE ⣔ࡢゎㄝ᭩[36]࡛⤂௓ࡉࢀ࡚࠸ࡿᡭἲ࡛ࡣࠊ࢖ࣥࢲࢡࢱࢆᅗ 3.7 ࡢ➼
౯᢬ᢠ㸩➼౯㟁ᅽ※࡛⾲ࡋࠊᘧ(3-46)ࢆ⏝࠸ࡿࠋ 
 
            (3-46) 
 
ᅗ 3.7 ⥺ᙧ࢖ࣥࢲࢡࢱࡢ➼౯ᅇ㊰ 
 
㼕䚷ิ 㼖䚷ิ 㼞䚷ิ ᐃᩘ䝧䜽䝖䝹
㼕䚷⾜ 0 0 +1 0
㼖䚷⾜ 0 0 㻙㻝 0
㼞䚷⾜ G -G -1 0
㼕䚷ิ 㼖䚷ิ 㼞䚷ิ ᐃᩘ䝧䜽䝖䝹
㼕䚷⾜ 0 0 +1 0
㼖䚷⾜ 0 0 㻙㻝 0
㼞䚷⾜ GeqC -GeqC -1 -IeqC
㼕䚷ิ 㼖䚷ิ 㼞䚷ิ ᐃᩘ䝧䜽䝖䝹
㼕䚷⾜ 0 0 +1 0
㼖䚷⾜ 0 0 㻙㻝 0
㼞䚷⾜ GeqL 䠉㻳㼑㼝㻸 -1 -IeqL






















ᅗ 3.8ࢧࣥࣉࣝ RLCᅇ㊰ࡢ⠇Ⅼゎᯒἲࡢሙྜࡢ➼౯ᅇ㊰ 
 
ᅗ 3.8ࡢ➼౯ᅇ㊰ࡣ⠇Ⅼࡢᩘࡀ 3࠿ᡤ࡟ቑ࠼ྛࠊ ⠇Ⅼ㟁ᅽ࡟ຍ࠼ࠊ㟁ᅽ※࠾ࡼࡧ࢖ࣥࢲࢡ
ࢱ࡟ὶࢀࡿ㟁ὶࢆኚᩘ࡜ࡍࡿࡇ࡜࡟ࡼࡾࠊ⾜ิつᶍࡣ⠇Ⅼゎᯒἲࡢ 22 ࠿ࡽ 55 ࡬኱ࡁ
ࡃᣑ኱ࡍࡿࡀࠊ㟁ᅽ※ࡸ࢖ࣥࢲࢡࢱ࡟ὶࢀࡿ㟁ὶࡢ್ࢆ┤᥋⟬ฟࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ 
 
㼕䚷ิ 㼖䚷ิ 㼞䚷ิ ᐃᩘ䝧䜽䝖䝹
㼕䚷⾜ 0 0 1 0
㼖䚷⾜ 0 0 㻙㻝 0

















                
(3-51) 
 
                          (3-52) 
  
       (3-53) 





                     (3-55) 
 
         (3-56) 
     
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h
LnVeqL LL   21
h
CGeqC 2 
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    1㸸ᯞ jࡀ⠇Ⅼ i࠿ࡽฟࡿྥࡁ࡟᥋⥆ࡉࢀ࡚࠸ࡿ 
 aij㸻    -1㸸ᯞ jࡀ⠇Ⅼ i࠿ࡽධࡿྥࡁ࡟᥋⥆ࡉࢀ࡚࠸ࡿ 
        0㸸ᯞ jࡣ⠇Ⅼ i࡟᥋⥆ࡉࢀ࡚࠸࡞࠸ 
࡜࠸࠺࣮࡛ࣝࣝసᡂࡉࢀࡓ⾜ิ࡛࠶ࡿࠋ 
ᅗ 3.9ࡢᅇ㊰࡛࠶ࢀࡤࠊ 
     


















ࡍ࡞ࢃࡕࠊ᥋⥆⾜ิ Dࠊᯞ㟁ὶ࣋ࢡࢺࣝ Ibࠊᯞ㟁ᅽ࣋ࢡࢺࣝ Vbࠊ⠇Ⅼ㟁ᅽ Vn࡛࠶ࡿ࡞ࡽ
ࡤࠊ௨ୗࡢᘧࡀᡂ❧ࡍࡿࠋ 
  KCL: DIb=0    (3-58) 


































V    (3-60) 
 
BCE㸦Gᯞ㸧㸸 IbG㸩G VbG=IS   (3-61) 
BCE㸦Rᯞ㸧㸸 R IbR+VbR =VS   (3-62) 
 

















































































































































  nnnn ivvh

























































































































































































































































































ᇶᮏ࢝ࢵࢺࢭࢵࢺ㸦Fundamental Cut Set㸧㸸  
ᅗ 3.13ࡣᮌࢆኴ⥺ࠊ⿵ᮌࢆⅬ⥺࡛⾲ࡋࡓ᭷ྥࢢࣛࣇ࡛࠶ࡿࡀࠊࡇࡢ᭷ຠࢢࣛࣇ࡟࠾࠸࡚ࠊ
ᮌ࡟ྵࡲࢀࡿᯞࢆ୍ࡘࡔࡅྵࡳࠊṧࡾࡢ⿵ᮌ࠿ࡽ࡞ࡿ࢝ࢵࢺࢭࢵࢺࢆᇶᮏ࢝ࢵࢺࢭࢵࢺ࡜
࿧ࡪࠋᅗ 3.13 ࡢሙྜࡢ࢝ࢵࢺࢭࢵࢺձࡣ㹹ᯞ 1ࠊᯞ 5㹻࡛࠶ࡾࠊࡇࡢ୰࡛ᯞ 1 ࡀᮌ࡟ྵࡲ
ࢀࡿᯞ࡛࠶ࡿࠋ 
 
ᅗ 3.13 ࢝ࢵࢺࢭࢵࢺࡢ౛ 
 
ᇶᮏ࢝ࢵࢺࢭࢵࢺࡣࠊ௨ୗࡢ࣮ࣝࣝ࡟ࡼࡾ⏕ᡂࡉࢀࡿ⾜ิ Q࡛⾲ࡍࡇ࡜ࡀ࡛ࡁࡿࠋ 
      1㸸ᯞ jࡀᇶᮏ࢝ࢵࢺࢭࢵࢺ i࡟ᒓࡋࠊ᪉ྥࡀྠࡌ 
Qij =    -1㸸ᯞ jࡀᇶᮏ࢝ࢵࢺࢭࢵࢺ i࡟ᒓࡋࠊ᪉ྥࡀ㏫ 
      0㸸ᯞ jࡀᇶᮏ࢝ࢵࢺࢭࢵࢺ i࡟ᒓࡉ࡞࠸ 
 
ᅗ 3.13ࡢ᭷ຠࢢࣛࣇࡣ 3ᮏࡢᯞ࠿ࡽᵓᡂࡉࢀࡿᮌࢆᣢࡘࡓࡵࠊ࢝ࢵࢺࢭࢵࢺࡣ 3✀㢮Ꮡ







































    1㸸ᯞ jࡀᇶᮏ࣮ࣝࣉ i࡟ᒓࡋࠊ᪉ྥࡀྠࡌ 
bij㸻  -1㸸ᯞ jࡀᇶᮏ࣮ࣝࣉ i࡟ᒓࡋࠊ᪉ྥࡀ㏫ 
  0㸸ᯞ jࡀᇶᮏ࣮ࣝࣉ i࡟ᒓࡉ࡞࠸ 
 
ᅗ 3.15 ᇶᮏ࣮ࣝࣉ 
 





























> @TmiiiI ,,, 21   > @TmvvvV ,,, 21   (3-74) 
  KCL㸸Q I= 0       (3-75) 
  KVL㸸B V=0       (3-76) 
 

















































































































> @ > @IBBQIQ tl   
T




ձ ᮌࢆᵓᡂࡍࡿᯞࡣᅗ 3.16 ࡢࡼ࠺࡟࢟ࣕࣃࢩࢱ࡜ࢥࣥࢲࢡࢱ࡜⊂❧㟁ὶ※ࡢ⤌ࡳྜࢃࡏ
ࡢࡳ࡛ᵓᡂࡉࢀࡿ࡜ࡍࡿࠋ 












dCi     (3-79a) 
 
ࢥࣥࢲࢡࢱᮌ㸸 sGGG Igvi        (3-79b) 
 
࢖ࣥࢲࢡࢱ⿵ᮌ㸸 sLLL Vidt
dLv    (3-79c) 
 
ࣞࢪࢫࢱ⿵ᮌ㸸 sRRR Vriv         (3-79d) 
 
௨ୖࡢ๓ᥦࡢࡶ࡜ࠊᮌ࡟ྵࡲࢀࡿᯞࡢᯞ㟁ὶࢆ > @TGC ii ᯞ㟁ᅽࢆ > @TGC vv  
























QI   (3-80) 
ᘧ(3-76)ࡢ KVLࡣ 























































































CLLC QBQBQBQB      (3-84) 
ࡀᡂ❧ࡍࡿࠋ 


























































































    




eqCRRGeqCR    (3-87) 
RGGReqGRRGeq BRQGGQGBRR







ᅗ 3.17 ࢧࣥࣉࣝᅇ㊰࡟ᑐࡍࡿᶆ‽ᮌ࡜࢝ࢵࢺࢭࢵࢺࡢᐃ⩏ 
 
 3.4 ⠇ࡢࢧࣥࣉࣝᅇ㊰࡟ᑐࡋࠊ᪉⛬ᘧࡢᙧࡀศ࠿ࡾ᫆࠸ࡼ࠺࡟ࠊ௬᝿ⓗ࡞ࢥࣥࢲࢡࢱ G2









































                 (3-90) 
   (3-91) 
࡛࠶ࡾࠊ 
 





































































































































































































































































































































































































ᅗ 4.1 ࢫ࢖ࢵࢳືసࡢ᫬㛫ศゎ⬟ࡢ᳨ウࢆ⾜࠺ࢧࣥࣉࣝᅇ㊰ 
 
ᅗ 4.1࡟♧ࡍࣁ࣮ࣇࣈࣜࢵࢪᅇ㊰࡟࠾࠸࡚ࠊࣁ࢖ࢧ࢖ࢻ࡜࣮ࣟࢧ࢖ࢻࡢࢫ࢖ࢵࢳࢆ஺஫࡟




















1        (4-3) 
࡛⾲ࡉࢀࡿࠋ 



































     tUBtXAtX
dt
d
11   (4-6)  
ࣁ࢖ࢧ࢖ࢻࢫ࢖ࢵࢳ=ON 
     tUBtXAtX
dt
d




ᅗ 4.2 ᅛᐃࢫࢸࢵࣉἲࡢィ⟬ 
 
ࡍ࡞ࢃࡕࠊt0ࢆ㐣ࡂࠊX0࡜ U0ࡀ☜ᐃࡋࡓ࡞ࡽࡤࠊt1ࡢ᫬Ⅼࡲ࡛࡟ࠊ 





ࡢࡣ᫬้ t3࡛࠶ࡿ࠿ࡽࠊt3࡟࠾࠸࡚ࠊAࠊB⾜ิࢆ A1ࠊB1࠿ࡽ A2ࠊB2࡟ኚ᭦ࡋࠊ 
 323234 UBXAhXX   (4-9) 
࡜ࡋ࡚ィ⟬ࡍࡿࠋ 





















  nnOFFONnn BuAXTTXX  1   (4-12) 



























ᅗ 4.3 ≧ែᖹᆒ໬ἲ࡟ࡼࡿィ⟬ 
 

























ࢫ࢖ࢵࢳືసࡀⓎ⏕ࡋ࡚ࡶࠊࡑࢀࢆ཯࡛ᫎࡁࡿࡢࡣ t4᫬Ⅼ࡛ࡢ X4࡜࡞ࡿࠋ 
 31313 UBXAhXX hfhf  


















































ձ ᅛᐃࢫࢸࢵࣉἲࡢฟຊ㐜ࢀࡀ᭱኱ 1ࢫࢸࢵࣉ࡛࠶ࡿ஦࡟ᑐࡋࠊ 
᭱኱ 2ィ⟬ࢫࢸࢵࣉ㐜ࢀ࡜࡞ࡿࠋ 












 12121 UBXAhXX hfhf  













ᅗ 4.6 2㔜⿵㛫ἲ࡜⿵㛫㸩እ⿦ἲࡢィ⟬ 
 












ࢫ࢖ࢵࢳືసࡀ㉳ࡁࡓ᫬ࡢィ⟬㸸 1212_2 XhAXX    (4-19) 
ࡇࢀࢆࢫ࢖ࢵࢳືసⓎ⏕᫬Ⅼ࡛ࡢ hhfࢆ⏝࠸࡚ᖹᆒ໬ࡍࡿ࡜ࠊ 






















ࢆ ONࡍࡿ࡜࠸࠺ᢅ࠸࡟ࡍࡿࡇ࡜࡛ࠊ཮᪉ࡢࢫ࢖ࢵࢳࢆ OFF࡜ࡋࡓሙྜ࡟⾲ࢀࡿ Stiff࡞
᪉⛬ᘧࢆᅇ㑊ࡍࡿ஦ࡀྍ⬟࡛࠶ࡿࠋ 

























ᅗ 4.8 MOS-FETࡢฟຊ≉ᛶ   
 

































































































































ࢫࢸࢵࣉ࡛࠶ࢀࡤࠊ1ḟ㸦ࡘࡲࡾ๓㐍 Eulerἲ㸧ࠊࡑࢀ௨ୖ࡛ࡶ 2ḟࡢ Runge-Kutta࡛༑ศ
࡞⢭ᗘࡀᚓࡽࢀ࡚࠸ࡿࠋ 













ィ⟬࢔ࣝࢦࣜࢬ࣒  㸸㒊ศⓗྍኚࢫࢸࢵࣉἲ 
ᅇ㊰᪉⛬ᘧ㸸    㸸࢝ࢵࢺࢭࢵࢺゎᯒ࡟ࡼࡿ≧ែ᪉⛬ᘧ 
ᖖᚤศ᪉⛬ᘧࡢゎἲ 㸸1ḟ࡞࠸ࡋ 2ḟࡢ Runge-Kuttaἲ  
 
࡛࠶ࡿࠋ 
















 ᐇ㝿࡟ᅇ㊰సᡂ࡟౑⏝ࡋࡓᅇ㊰ᅗࢆᅗ 5.1࡟♧ࡍࠋ 
 




ࡍࡿࡓࡵ L1࡜ L2࡜࠸࠺ 2ಶࡢ࢖ࣥࢲࢡࢱࢆ┤ิ࡟⨨ࡁࠊL2ࢆࣂ࢖ࣃࢫࡍࡿࢫ࢖ࢵࢳࢆタ
ࡅ࡚࠸ࡿࠋࡲࡓࠊฟຊ࢟ࣕࣃࢩࢱ C2࡟୪ิ࡟࢟ࣕࣃࢩࢱ C7ࢆ᥋⥆ࡋᐜ㔞ࢆቑຍࡉࡏࡿࢫ
࢖ࢵࢳࠊࡉࡽ࡟ ESR ࢆቑຍࡉࡏࡿࡓࡵࡢ ESR ᶍᨃ᢬ᢠࢆ᥋⥆ࡍࡿࢫ࢖ࢵࢳࢆタࡅ࡚࠸ࡿ
ࡀࠊ⌧ẁ㝵࡛ᶵ⬟ࡉࡏ࡚࠸ࡿࡢࡣࠊESRᶍᨃ᢬ᢠ᥋⥆ࢫ࢖ࢵࢳࡢࡳ࡛࠶ࡿࠋ 
 
ᅗ 5.2 ᐇ㦂⏝ᅇ㊰ࡢእほ 
 
















 3.1 ⠇࡛⏝࠸ࡓᇶᮏἲ๎ࢆ⏝࠸࡚ࠊKCLࠊKVL ࢆ⏝࠸࡚ᡭィ⟬࡛ᑟฟࡋࡓ≧ែ᪉⛬ᘧࡣ
௨ୗ࡛࠶ࡿࠋUࡣධຊ࣋ࢡࢺࣝࠊXࡣ≧ែኚᩘ࣋ࢡࢺ࡛ࣝ࠶ࡾࠊ࣋ࢡࢺࣝࡢせ⣲ࡣ L㟁ὶࠊ
C1㟁ᅽࠊC2㟁ᅽ࡛࠶ࡿࠋࡲࡓࠊCࠊD⾜ิ࡟ࡼࡿฟຊ್ࡣ R㸦㈇Ⲵ᢬ᢠ㸧ࡢ୧➃㟁ᅽ࡛࠶














Qlࡢ᢬ᢠ᢬ᢠ್ࢆ rslࠊQhࡢ᢬ᢠ್ࢆ rsh࡜ࡋࠊ      ࡜ࡍࡿࠋ 
 
shsl



















































































































































































 ࢫ࢖ࢵࢳࣥࢢ࿘Ἴᩘࡣ 20kHz ࡜ࡋࡓࡀࠊࢥࣥࣂ࣮ࢱᅇ㊰ࡢ௦⾲ⓗ࡞ᣦ㔪࡜ࡋ࡚ࠊࠕ࢖ࣥ




































re2 160mȐ㸦ᶍᨃ ESR᢬ᢠࢆྵࡴタィ್㸧 
rl 300mȐ㸦ࢩࣕࣥࢺ᢬ᢠ್ࢆྵࡴ㸧 
rsh 30mȐ㸦ON᫬㸧㸭1MȐ㸦OFF᫬㸧 










⾲ 5-2 సᡂࡋࡓᐇ㦂ᅇ㊰ࡢᅛ᭷್ 
Ql㸦࣮ࣟࢧ࢖ࢻ㸧=ON  Qh㸦ࣁ࢖ࢧ࢖ࢻ㸧=ON  
R=       R= 














































⾲ 5-4 㝈⏺࡜ᛮࢃࢀࡿᅇ㊰ᐃᩘ࡟ࡼࡿᅛ᭷್ 
Ql㸦࣮ࣟࢧ࢖ࢻ㸧=ON Qh㸦ࣁ࢖ࢧ࢖ࢻ㸧=ON 
R2= R2= 
10Ȑ 100Ȑ 1kȐ 10ƺ 100ƺ 1kƺ 
-3.3e4 
-2.1e3    
-1.2e3 
-3.3e4 































Control Desk Ver3.7ࢆ౑⏝ࡋࡓࠋ 
ィ⟬ࢫࢸࢵࣉᖜࡣࠊ4.7 ⠇࡛ࡢ᳨ウࡢࡼ࠺࡟ 2.5ȣ㹼10ȣsec ࡢ㛫࡛㑅ࡪࡇ࡜ࡀᚲせ࡛࠶
ࡿࡀࠊ5.1.4⠇࡛ࡢ᳨ウࡢࡼ࠺࡟ 10ȣsec௨ୗ࡛࠶ࢀࡤࠊィ⟬Ᏻᐃᛶࡣ☜ಖ࡛ࡁࡿࠋDS1103
ࢆ⏝࠸ࡓሙྜࡣ 3.5ȣsecࡲ࡛▷⦰ࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓࠋࡇࡢ್ࡣ 20kHzࡢ⣙ 1/14ࡢ
್࡛࠶ࡾࠊ༑ศ࡞ィ⟬㏿ᗘ࡜ゝ࠼ࡿࠋ࡞࠾ࠊཝᐦ࡟ࡣ➃ᩘࡀᏑᅾࡍࡿࡓࡵࠊ14ᅇࡢィ⟬㸦3.5
14=49ȣsec㸧ࢆ⾜࠺࡜ࠊPWM ಙྕࡢ❧ࡕୖࡀࡾ࡟ྠᮇࡍࡿࡲ࡛ࠊィ⟬ࢆ೵Ṇࡍࡿࡼ࠺
࡟ࡋ࡚࠸ࡿࠋ࡞࠾ࠊᮏ❶࡛ࡣࠊࢫ࢖ࢵࢳ㥑ືಙྕࡣ PWM ಙྕ࡟㝈ᐃࡋࠊ௨ᚋ PWM ಙྕ
࡜࿧ࡪࡇ࡜࡟ࡍࡿࠋ 
 
⾲ 5-1 ࣉࣟࢭࢵࢧᐇ⿦ࣔࢹࣝࡢᴫせ 
౑⏝ࣁ࣮ࢻ࢙࢘࢔ DS1103㸦IBM PowerPC 750FX 1GHz㸧 
ᅇ㊰᪉⛬ᘧ ≧ែኚ᪉⛬ᘧ㸦࢝ࢵࢺࢭࢵࢺゎᯒ㸧 























ᅗ 5.8 ୺せ࡞ฎ⌮ࢆ⾜࠺ StateFlowࡢ ControlFlow 
 
 
5.2.2. dSPACE♫ RTIࣈࣟࢵࢡ࡟ࡼࡿ I/Oᐇ⿦
 




















ࢡࡣ PWMಙྕ࡟ྠᮇࡋ࡞࠸ࠋ  
ࡲࡓ㒊ศⓗྍኚࢫࢸࢵࣉἲࡣࠊࢫ࢖ࢵࢳືసⓎ⏕᫬้ࢆṇ☜࡟ィ ࡍࡿᚲせࡀ࠶ࡿࠋ


























ᅗ 5.11 ẚ㍑ᐇ㦂ࡢᵓᡂ 
 
 










Inductor Current of Simulation (A)㻌












ࡣ ESR ࣓࣮ࢱ࡟ࡼࡾ 10kHz ࡢ࿘Ἴᩘ࡛ ᐃࡋࡓ C2ࢥࣥࢹࣥࢧࡢ༢యᐇ ್㸦60mȐ㸧࡜








          Output Voltage of Simulation (V) re2=400mȍ 
㻌




ᅗ 5.14 ᐇᅇ㊰࡜ࢩ࣑࣮ࣗࣞࢩࣙࣥࡢࢫࢸࢵࣉᛂ⟅ࡢẚ㍑ 
 




















Output Voltage of Actual Circuit (V)㻌
 Output Voltage of Simulation (V)㻌
2msec㻌
Inductor Current of Simulation (A)㻌
Inductor Current of Actual Circuit (A)㻌
92 
 
⾲ 5-2 FPGAᐇ⿦ࣔࢹࣝࡢᴫせ 
౑⏝ࣁ࣮ࢻ࢙࢘࢔ 
 
DS5203 㸦Xilinx Vertex-5 100MHz㸧 
DS1005 㸦PowerPC 1GHz㸧 
















 FPGA ࡟ᑐࡍࡿࣉࣟࢢ࣒ࣛࡣࠊSimulink ࡜ࡼࡃఝࡓࣈࣟࢵࢡ⥺ᅗ࡟ࡼࡿグ㏙ࡀྍ⬟࡞






ᅗ 5.15 System Generatorࡢ௦⾲ⓗ࡞₇⟬ࣈࣟࢵࢡ 
 
5.3.2. dSPACE♫ RTI-FPGAࣈࣟࢵࢡࢆ⏝࠸ࡓ I/Oᐇ⿦
 
 ᮏࢩࢫࢸ࣒࡟࠾࠸࡚ࡣ 2✀㢮ࡢ I/OࡀᏑᅾࡍࡿ୍ࠋ ࡘࡣࠊ࣮࢜ࣥ࣎ࢻࡢ A/Dࢥࣥࣂ࣮ࢱࠊ




ࡢ࡛࠶ࡿࠋ୧⪅ࡣࠊ5.2 ⠇ࡢࣉࣟࢭࢵࢧᐇ⿦ࡢ᫬࡜ྠࡌࡼ࠺࡟ࠊdSPACE ♫ࡢ RTI-FPGA
ࢆ⏝࠸ࡿࡇ࡜࡛ࠊᐜ᫆࡟ Simulink࠾ࡼࡧ System Generatorࣔࢹࣝ࡟⤫ྜࡍࡿࡇ࡜ࡀ࡛
ࡁࡿࠋ 
ᅗ 5.16 ࡟ᴫ␎ᅗࢆ♧ࡍࠋỈⰍࡢ RTI ࣈࣟࢵࢡࡀࠊࣉࣟࢭࢵࢧ࡜ࡢ㏻ಙ࡟౑⏝ࡍࡿ RTI ࡛
࠶ࡾࠊ࢜ࣞࣥࢪⰍࡢࣈࣟࢵࢡࡀ࣮࢜ࣥ࣎ࢻࡢ I/O ࡟ࡼࡿእ㒊ಙྕࢆᢅ࠺ RTI ࣈࣟࢵࢡ࡛࠶
ࡿࠋ 
 









ᅗ 5.18 FPGA࡟ࡼࡿ㠀ྠᮇᆺ㒊ศⓗྍኚࢫࢸࢵࣉἲࡢᐇ⿦ 
 
Simulinkࣔࢹࣝࡢ඲యᵓ㐀ࢆᅗ 5.17࡟♧ࡍࠋ⥳ࡢ㒊ศࡀ FPGAࣔࢹ࡛ࣝ࠶ࡾࠊࡇࡢ㒊




















 ᅗ 5.19࡟࠾࠸࡚᭱ึࡢ TaskTick(t1)࡛ X1ࡀィ⟬ࡉࢀࡿ࡞ࡽࡤࠊḟࡢ X2ࡣࠊࡑࡢ᫬Ⅼ࡛




























1t 2t 3t 4t
96 
 

















ᅗ 5.20࡟ HiEventCount್࡜ࠊLoEventCount್ࢆィ ࡍࡿ System Generatorࡢࣈࣟ
ࢵࢡᅗ࡜ධฟຊࡢࢱ࢖࣑ࣥࢢࢆ♧ࡍࠋ 
 






























































ᅗ 5.21 TaskTick࡜ࢫ࢖ࢵࢳືసࡀྠ᫬ࡢሙྜࡢฎ⌮㸦LoEventCount್=0㸧 
 
 




























 ௨ୗ࡟ᐇ㦂⤖ᯝࢆ♧ࡍࠋᅗ 5.23࡟ᐇ㦂⿦⨨ࡢእほࢆ♧ࡍ dSPACE♫ࡢࣉࣟࢭࢵࢧ࣮࣎ࢻ
࡛࠶ࡿ DS1005ࠊFPGA ࣮࣎ࢻ࡛࠶ࡿ DS5203 ࡣᕥഃ࡟࠶ࡿ⟂య࡟཰ࡵࡽࢀ࡚࠾ࡾࠊィ⟬
⤖ᯝ࡜ᐇᅇ㊰ࡢฟຊࡣ࣍ࢫࢺ PC࡛ほ ࡍࡿ࡟ࡣ㏿ࡍࡂࡿࡓࡵࠊ࢜ࢩࣟࢫࢥ࣮ࣉ࡛┤᥋ほᐹ
ࡍࡿࠋ࡞࠾ FPGAᐇ⿦࡟࠾࠸࡚ࡣࠊPWMಙྕࡶ FPGA࣮࣎ࢻ࡛⏕ᡂࡋ࡚࠸ࡿࡓࡵࣇ࢓ࣥ
ࢡࢩࣙࣥࢪ࢙ࢿ࣮ࣞࢱࡣ౑⏝ࡋ࡚࠸࡞࠸ࠋPWM ಙྕࢆ FPGA ࡛⏕ᡂࡋࡓࡇ࡜࡟ࡼࡾࠊࣁ
࢖ࢧ࢖ࢻࠊ࣮ࣟࢧ࢖ࢻࡢฟຊ࡟タࡅࡿ௵ពࡢࢹࢵࢻࣂࣥࢻ᫬㛫タᐃࡀྍ⬟࡜࡞ࡗࡓࡓࡵࠊ
ࡇࢀࢆ 1ȣsec࡜ࡋ࡚࠸ࡿ㸦ᐇ㝿ࡣ 4.7⠇࡛♧ࡋࡓࡼ࠺࡟ࠊ࣎ࢹ࢕ࢲ࢖࣮࢜ࢻࡀ㟁ὶࢆὶࡍ
ࡓࡵࠊࣁ࢖ࢧ࢖ࢻࡢ ON᫬㛫ࡀ 1+1ȣsecᘏ㛗ࡉࢀࡿ஦࡜➼౯࡛࠶ࡿ㸧ࠋ 
 
ᅗ 5.23 ᐇ㦂⿦⨨ࡢእほ 
 
 






















ᅗ 5.26ࠊᅗ 5.27࡟ Dutyẚࢆ 0.3ཬࡧ 0.7࡜ࡋࡓሙྜࡢ⤖ᯝࢆ♧ࡍࠋࣉࣟࢭࢵࢧᐇ⿦ࡢ









Inductor Current of Actual Circuit (A)











ࡣ ESR ࣓࣮ࢱ࡟ࡼࡾ 10kHz ࡢ࿘Ἴᩘ࡛ ᐃࡋࡓ C2 ࢥࣥࢹࣥࢧࡢ༢యᐇ ್㸦60mȐ㸧࡜





ᅗ 5.28 ᐇᅇ㊰࡜ࢩ࣑࣮ࣗࣞࢩࣙࣥࡢࣜࣉࣝ㟁ᅽࡢẚ㍑ 
 
Inductor Current of Actual Circuit (A) 
Inductor Current of Simulation (A) 
50ȝs㸻20kHz 
1A 
Inductor Current of Actual Circuit (A) 




         Output Voltage of Actual Circuit (V)















ᅗ 5.29 Ᏻᐃ໬㟁※ࢆ⏝࠸ࡓ       ᅗ 5.30 㖄㟁ụࢆ⏝࠸ࡓ 
ࢫࢸࢵࣉᛂ⟅Ἴᙧ㸦R1=1Ȑ㸧        ࢫࢸࢵࣉᛂ⟅Ἴᙧ㸦R1=400mȐ㸧 
 
ᅗ 5.31ࡣ Dutyẚ=0.5࠿ࡽ PWM㥑ື೵Ṇ࡜ࡋࡓ࡜ࡁࡢ⤖ᯝ࡛࠶ࡿࠋࡇࡢሙྜࡣ࢔࢘ࢺ











    Output Voltage of Actual Circuit (V) 
  Output Voltage of Simulation (V)  R1=400mȍ
   Output Voltage of Actual Circuit (V)
   Output Voltage of Simulation (V)  R1=0ȍ 









ᅗ 5.30 PWM-OFF᫬ࡢῶ⾶ᛂ⟅Ἴᙧ㸦R1=0Ȑ㸧 
 
     Output Voltage of Actual Circuit (V)

























 ➨ 2 ❶࡟࠾࠸࡚ࡣࠊࣜ࢔ࣝࢱ࢖࣒࣭ࢩ࣑࣮ࣗࣞࢱࡢᐇ⌧ᡭẁ࡜ࡋ࡚ࢹࢪࢱࣝࢥࣥࣆ࣮ࣗ
ࢱࢆ౑⏝ࡋࡓሙྜ࡟ᚲせ୙ྍḞ࡛࠶ࡿᖖᚤศ᪉⛬ᘧࡢᩘ್ゎἲ࡟ࡘ࠸࡚ࠊ௦⾲ⓗ࡞ᡭἲࢆ
ᴫほࡋࠊ⢭ᗘ࡜ᩘ್Ᏻᐃᛶ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ 

















 ➨ 5❶࡟࠾࠸ࡣ࡚ࠊୖグ⤌ࡳྜࢃࡏࢆ౑⏝ࡍࡿ஦࡛ࠊ1GHzࡢ PowerPCࣉࣟࢭࢵࢧࢆ౑
⏝ࡋࡓሙྜ࡟࠾࠸࡚ィ⟬ࢫࢸࢵࣉᖜ 3.5ȣsecࢆ㐩ᡂ࡛ࡁࡿࡇ࡜ࢆ♧ࡋࡓࠋࡇࡢ್ࡣ 20kHz
ࡢࢫ࢖ࢵࢳࣥࢢ࿘Ἴᩘ࡟ᑐࡍࡿ᭱㏿ไᚚ࿘ᮇ࡛࠶ࡿ 50ȣsec࡟ᑐࡋ࡚⣙ 1/14࡛࠶ࡾࠊ 
ࣜ࢔ࣝࢱ࢖࣒࣭ࢩ࣑࣮ࣗࣞࢱ࡜ࡋ࡚‶㊊࡛ࡁࡿ್࡛࠶ࡿࠋ 
 ࡲࡓࠊFPGA ࡛ᐇ⿦ࡋ࠺ࡿࡇ࡜ࢆ♧ࡋࠊࡑࡢሙྜࡣࠊDuty ẚࡢศゎ⬟ࢆ 0.1%(1/1000)
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ࣜࢫࢺ 1 ⠇Ⅼゎᯒἲ࡛ࢧࣥࣉࣝ RLCᅇ㊰ࢆィ⟬ࡍࡿm-Script 
ࣜࢫࢺ 2 ಟṇ⠇Ⅼゎᯒἲ࡛ࢧࣥࣉࣝ RLCᅇ㊰ࢆィ⟬ࡍࡿm-Script 
ࣜࢫࢺ 3 ࢫࣃ࣮ࢫࢱࣈ࣮ࣟἲ࡛ࢧࣥࣉࣝ RLCᅇ㊰ࢆィ⟬ࡍࡿm-Script 
ࣜࢫࢺ 4 ࢝ࢵࢺࢭࢵࢺゎᯒ࡛ᐇ⿦ࡋࡓࣁ࣮ࣇࣈࣜࢵࢪᅇ㊰ࢆィ⟬ࡍࡿm-Script 
ࣜࢫࢺ 5 Adams-BashforthἲࡢᏳᐃ㡿ᇦࢆࣉࣟࢵࢺࡍࡿm-Script 
ࣜࢫࢺ 6  Adams-MoultonἲࡢᏳᐃ㡿ᇦࢆࣉࣟࢵࢺࡍࡿm-Script 
ࣜࢫࢺ 7 Backward Differentiation formulaἲࡢᏳᐃ㡿ᇦࢆࣉࣟࢵࢺࡍࡿm-Script 







%   
%   +---R--n1--L--n2+       n1:Node-1
%   V               C       n2:Node-2
%   +---------------+












  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  
Y= [  (1/R+GL)   -GL;
       -GL    (GC+GL)]
Vout  = zeros(2,Cycle);
Tout  = zeros(1,Cycle);
  v = [0  0]';
  I = [Is 0]';
  Icn  = 0;
  Iln  = 0;
  Vold = [0 0]';
  Tout(1,1)=0;
  for i=1:Cycle
     Vout(:,i)=v;  
     Tout(1,i+1)=i*h;
     v=Y\I; 
     
     if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(2) - Vold(2))  -  Icn;   
         Iln  = GL*((v(1)-v(2)) + (Vold(1) - Vold(2)) ) +Iln; 
       
         IeqC  = - GC*v(2) - Icn;    
         IeqL  =   GL*(v(1)-v(2)) + Iln ;  
         
     else  %  --------------------  BackwordEuler -------------------
         
         Icn  = GC*(v(2) - Vold(2));                           
         Iln  = GL*(v(1)-v(2)) +Iln;                           
    
         IeqC  = - GC*v(2) ;       
         IeqL  =   Iln ;
         
     end  % ---------------------------------------------------------
   
     I(1) =  Is -IeqL;
     I(2) =  IeqL - IeqC ; 
     Vold = v;
  end
    
hold on
plot(Vout(1,:),'b' );  㟁ᅽ% Node-1 







%   
傍傍%   +---R--n1--L--n2+  n1:Node-1
%   V               C      n2:Node-1
%   +---------------+













  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  
% ======= Modified Nodal Analysis  QUCS type  ===========================
reqL =1/GL;
Y =[G -G  0   0    1;
   -G  G  0   1    0;
    0  0 GC  -1    0;
    0  1 -1 -reqL  0;
    1  0  0   0    0];
I = [ 0 0 0 0   V1]';
Vout2 =zeros(5,Cycle);
Tout2 =zeros(1,Cycle);
v    = [0 0 0 0 0]';
Vold = [0 0 0 0 0]';
Vln  = 0;
Icn  = 0;
for i=1:Cycle
   Vout2(:,i)=v;
   Tout2(1,i+1)=i*h;
   v=Y\I;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(3) - Vold(3))  -  Icn;   
         Vln  =  reqL*(v(4) - Vold(4) ) - Vln;
       
         IeqC  = - GC*v(3) - Icn;    
         IeqL  =   GL*(v(1)-v(2)) + Iln ;  
         VeqL  =   -reqL*v(4) - Vln;      
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(3) ;       
         VeqL  =   -reqL*v(4) ; % v(4)=IL
   end  % ---------------------------------------------------------
   I(3)= -IeqC;
   I(4)=  VeqL; 
   Vold=  v;
end
hold on
plot(Vout2(2,:)+0.1,'g' );   㟁ᅽ% Node-1
plot(Vout2(3,:)+0.1,'b' );   㟁ᅽ% Node-2
plot(Vout2(4,:)+0.1,'k' );   儈兗儤儓儣㟁ὶ% 
% ======= Modified Nodal Analysis  Asahara type  ===========================
Y =[G -G    0     0    1;
   -G  G    0     1    0;
    0  0   GC   (-1)   0;
    0  GL (-GL) (-1)   0;
   -1  0    0     0    0];
I = [ 0 0 0  0  -V1]';
Vout3 =zeros(5,Cycle);
Tout3 =zeros(1,Cycle);
v    = [0 0 0 0 0]';
Vold = [0 0 0 0 0]';
Vln  = 0;
Icn  = 0;
for i=1:Cycle
   Vout3(:,i)=v;
   Tout3(1,i+1)=i*h;
   v=Y\I;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(3) - Vold(3))  -  Icn;   
       
         IeqC  = - GC*v(3) - Icn;    
         IeqL  =   GL*(v(2)-v(3)) + v(4) ;  % v(4)=iL(n)
         
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(3) ;       
         IeqL  =   v(4);% v(4);  % v(4)=iL(n)
   end  % ---------------------------------------------------------
   I(3)= -IeqC;
   I(4)= -IeqL; 
   Vold=  v;
end
plot(Vout3(2,:)-0.1,'r', 'LineWidth',2); 㟁ᅽ% Node-1
plot(Vout3(3,:)-0.1,'m', 'LineWidth',2); 㟁ᅽ% Node-2







%   
%   +----R----L----+ 
%   V              C
%   +--------------+













  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  
% ======= Sparse Tableau  ===========================
reqL =1/GL;
D=[ 1   0  0  1;
   -1   1  0  0;
    0  -1  1  0]
Zr4  = zeros(4,4);
Zr3  = zeros(3,3);
R_consti  = eye(4,4);  兂儬兎儧儓儝僔ᮍ౑⏝儌児充兗儬僕% R/G 1
G_consti  = eye(4,4);  %
R_consti(1,1) = -R;      僔᢬ᢠ್% Node-1
R_consti(2,2) = -reqL;   僔᢬ᢠ್傍% Node-2  
G_consti(3,3) =   -GC;   僔儗兗儤儓儣兗儝್% Node-2
R_consti(4,4) = 0;     僕㟁ᅽ※% Node-4
G_consti(4,4) = 1;     僕㟁ᅽ※% Node-4
Tbr=[zeros(3,3)       D         zeros(3,4);
       D'         zeros(4,4)   -1*eye(4,4);
     zeros(4,3)    R_consti     G_consti]
Cst=[0 0 0 ,0 0 0 0,0 0 0 V1]';





   Vout4(:,i)=v;
   Tout4(1,i+1)=i*h;
   v=Tbr\Cst;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         IeqC  = -GC*v(10)  - v(6);  % v(10)=VB3  v(6)=i3   
         VeqL  = -reqL*v(5) - v(9);  % v(5) =i2   v(9)=VB2 
         
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(10);  % v(10)=VB3    
         VeqL  = -reqL*v(5);  % v(5)=i2
   end  % ---------------------------------------------------------
   Cst(9) = VeqL;
   Cst(10)= IeqC; 












傍儏儧儬償儧儬ゎᯒ働➨ ❶僔儳兠儹儺兎儧儜ᆺ 儗兗儴兠儣僸ィ⟬傿僱% 5 DC/DC










rsl = 0.03 % Lo On
rsh = 1e6
rsh = 0.03 % Hi On
rsl = 1e6
Cm=[C1 0; 0  C2];
Lm=[L];
Gm=[1/rsl  0  0  0   ; 0 1/rsh  0  0;...
     0     0  1/re1 0; 0   0    0  1/rl];
Rm=[rs 0 0; 0 re2  0; 0 0 R];





Qt=[ 1  -1   0   0; ...
     0   0  -1   0; ...
     1   0  -1  -1; ...
     0   0  -1  -1; ...
     1  -1   0   0; ...
     -1  0   0   0];
 QCL =Qt(1:ntr_C, 1:nln_L);
 QCR =Qt(1:ntr_C, nln_L+1:nln_L+nln_R);
 QGL =Qt(ntr_C+1:ntr_C+ntr_G, 1:nln_L);
 QGR =Qt(ntr_C+1:ntr_C+ntr_G, nln_L+1:nln_L+nln_R);
Bl=[ -1  0  -1  0  -1  1; ...
      1  0   0  0   1  0; ...
      0  1   1  1   0  0; ...

























B=[b11 b12 b13 b14; b21 b22 b23 b24]
M=[Cm zeros(2,1); zeros(1,2)  Lm]
A=M\[A11 A12;A21 A22]
M=[Lm zeros(1,2); zeros(2,1) Cm]
A=M\[A22 A21; A12 A11]
     
     













dem= 1 - zeta_i;
p1 = (zeta -1);
p2 = (zeta -1)./(1+(dem.^1)/2);
p3 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 );
p4 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 + (dem.^3)*3/8 );
p5 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 + (dem.^3)*3/8 + (dem.^4)*251/720);
hold on


















dem= 1 - zeta_i;
p1 = (1-zeta_i);
p2 = (1-zeta_i)./(1-(dem.^1)/2);
p3 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 );
p4 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 );
p5 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 - (dem.^4)*19/720);
p6 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 - (dem.^4)*19/720 - (dem.^5)*3/160);
hold on










傍 ἲ僔Ᏻᐃ㡿ᇦ僸儻兑儧儬傿僱% Backward Differentiation formula
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plot(p1,'r');
plot(p1+p2/2,'b');
plot(p1+p2/2+p3/3,'g');
plot(p1+p2/2+p3/3+p4/4,'c');
plot(p1+p2/2+p3/3+p4/4+p5/5,'m');
plot(p1+p2/2+p3/3+p4/4+p5/5+p6/6,'k');
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